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$\square u+f(u)=0$ for $(t, x)\in \mathbb{R}^{1+n},$ $n\geq 3$ ,
$u(0)=\varphi$ , $\dot{u}(0)=\psi$ ,
$=\partial_{t}^{2}-\triangle$ . $f$ ( $c$
)
$f$ : $\mathbb{C}arrow \mathbb{C}$ , $f(0)=0$ ,
$\exists F$ : $\mathbb{C}arrow \mathbb{R},$ $s.t$ . $\partial_{\overline{z}}F(Z)=f(z),$ $F(0)=0$ , $F(z)\geq-C|z|^{2}$ ,(2)






$\varphi\in H_{l_{oC}}^{1},$ $\psi\in L_{l_{oC}}^{2}$
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(i) Subcritical case [2]: $f$ (2)
(3) $L(\lambda)=o(\lambda^{2-2})*$ $(\lambda:\text{ })$
(ii) Critical case $[6, 4]$ : $f$ (2)




[4, pp. 220, Remark]
$\varphi\in\dot{H}^{1},$ $\psi\in L^{2}(H^{1}$





(i) Subcritical case [3]: $n\geq 4$ $f$ (2)
$L( \lambda)\leq C\min(\lambda^{p_{1}}, \lambda p2)$ , $0<\exists p_{1}<2^{*}-2<\exists p_{2}$ ,
(6)
$G(u) \geq C\min(|u|^{2}, |u|^{p_{3}})$ , $2\leq\exists_{p_{3}}$ .
(ii) Critical case [1]: $f$ (2)
$L(\lambda)\leq C\lambda^{2^{*}-}2$ ,
(7)





(8) $\min(G(u), \mathrm{o})=o(|u|^{2^{*}})$ . $(|u|:\text{ _{})}$
$\varphi\in\dot{H}_{lo\text{ }^{}1},$ $\psi\in L_{loC}^{2}$ (1)
$u$ -
$(u,\dot{u})\in C$ ( $\mathbb{R};H_{\iota \mathit{0}}1$ $\oplus L_{l_{oC}}^{2}$),





$\varphi\in\dot{H}^{1},$ $\psi\in L^{2}$ $u$ 1




subcritical case critical case
(i) $F(u)=|u|^{2^{*}-4\epsilon}(1+\cos(1+|u|^{2})^{\epsilon}),$ $\epsilon>0$ $f,$ $F,$ $G$
subcritical order $L$ critical order (3)
(4) (8)
(ii) $G(u)=|u|^{2^{*}}\{1+\cos\log(1+|u|^{2})\}$ critical case
$G$ (4) (8), $(9)$
(iii) $G(u)=|u|^{2^{*}}g(u)$ $g(u)=1/(1+$
$|u|^{2})$ $g(u)=|u|^{2}/(1+|u|^{2})$ $|u|$ critical, $|u|$
3
subcritical ( ) (6) (7)
(9)
subcritical case [3] $n=3$
$G,$ $F$ $f$
$F(z)=2|z|^{2} \int_{0}^{|z|}c(r\frac{z}{|z|})\frac{dr}{r^{3}}$ , $f(z)=\partial_{\overline{z}}F(Z)$ .
3.
[6], [1] 1,2
(10) $\int_{D(t)}|u|^{2^{*}}d_{X}arrow 0$ .
$D(t)$ light cone $K$ ’ $t$ 1
$K$ T( )
backward light cone $T$ 2
$K$ forward light cone





$r=|x|$ , $\theta=\frac{x}{r}$ , $\gamma=\frac{r}{t}$ ,
$u_{r}=\theta\cdot\nabla u$ , $u_{\theta}=\nabla u-\theta ur$ ’ $u_{H}= \frac{x}{t}\dot{u}+\nabla u$ .
Morawetz $|u|^{2^{*}}$
4
1. $\forall_{u(t,x)}\in C_{f}^{2}0\leq\forall_{\alpha}\leq 1$
${\rm Re} \int_{K}\overline{(\square u+f(u))}\gamma^{\alpha}(\frac{\alpha}{\alpha+1}\gamma\dot{u}+u_{r}+\frac{n-1+\alpha-\alpha\gamma^{2}}{2}\frac{u}{r}\mathrm{I}^{dx}dt$
$= \int_{K}\gamma^{\alpha}\{\alpha\frac{|u_{H}|^{2}}{r}+(1-\alpha)\frac{|u_{\theta}|^{2}}{r}+\frac{|u|^{2}}{r^{2}}w(\gamma, n, \alpha)$
$+ \frac{n-1+\alpha-\alpha\gamma 2}{2}\frac{G(u)}{r}\}dxdt+R1$
$w(\gamma, n, \alpha)$ $R_{1}=R_{1}(u, f)n,$ $\alpha)$
$\sup_{t}J|\dot{u}|^{2}+|\nabla u|^{2}dx$ $\int_{\partial K}|\theta\dot{u}+$
$\nabla u|^{2}dS$
$\alpha=0$
radial Morawetz estimate ([7, (2.27)])










$G(u)\geq C|u|^{2^{*}}$ radial Morawetz








$K_{S}^{T}=\{(t, x)\in K|S<t<T\},$ $d(u)=\dot{u}+u_{r}+(n-1)u/(2r)$
$S,$ $Tarrow\infty,$ $S/Tarrow 0$
$0$ $|H(u)|\leq C|u|^{2^{*}}$






$\int_{D(t)}|u|^{2}*\leq C||\nabla u||_{L_{x}^{*}}2-22\int D(t)\frac{t-r}{t}|ur|^{2}+|u_{\theta}|^{2}+\frac{|u|^{2}}{tr}dX$
$C$ $n$
$u$ Sobolev
$\mathbb{R}^{n}$ $\partial D(t)$ $-$
$||u||_{L_{x}}2^{*}2^{*}\leq C||\nabla u||\nabla\prime u||_{L}^{2}2x$
’





2,4 $\mathrm{H}_{\mathrm{L}}’$ Hardy $\theta$
Sobolev 2






$|| \sqrt{\int|v|^{2^{*}}wr^{n-1}dr}||r^{\frac{n-2}{2}}v||_{L_{r}^{*}}^{2-}\infty_{L_{\theta}}\beta\int 2|\nabla v|^{2}wr^{n}-1$dr.
$1/\beta=1/2-1/(2(n-1))$ . $u_{H}=\nabla v$
$\int_{K}|u|^{2^{*}}\frac{\gamma^{\alpha}}{r}d_{X}dt\leq C||r^{\frac{n-2}{2}}u||_{L^{\infty_{L_{r}^{\infty_{L_{\theta}}}}}}2^{*}-t2\beta\int_{K}|u_{H}|^{2}\frac{\gamma^{\alpha}}{r}dxdt$.
Hardy
$||r^{\frac{n-2}{2}}u||L_{r}\infty L^{\beta}\theta\leq C||\nabla u||L_{x}^{2}$
$\square$
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